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An interactive whiteboard (IWB) is a relatively new tool that provides interesting affordances in the classroom environment, such
as multiple visualization and multimedia presentation and ability for movement and animation. These affordances make IWBs an
innovative tool with high potential for mathematics instructional environments. IWBs can be used to focus on the development of
specific mathematical concepts and to improve mathematical knowledge and understanding.The aim of this paper is to review the
existing literature upon the use of interactive whiteboards (IWBs) in mathematics classrooms. The reviewed studies offer a wide
view of IWBs’ affordances, of themore interesting didactic practices, and of the difficulties of embedding this new technology in the
classroom. The capabilities of IWBs to enhance the quality of interaction, and, consequently, to improve conceptual mathematical
understanding are broadly recognized. Despite these capabilities, evidence from the studies points to a certain inertia on the part
of many teachers to do anything else than use IWBs as large-scale visual blackboards or presentation tools. The emerging view of
how to attempt to overcome these obstacles is that there is need for greater attention to the pedagogy associated with IWB use and,
more specifically, to stimulate the design of new kinds of learning environments.
1. Introduction
In recent years, interactive whiteboards (IWBs) have moved
from being considered a novelty into a regular part of the
equipment of many classrooms, especially in the United
Kingdom, and in other countries of Western Europe, North
and Central America, South East Asia, and Australia. IWBs
provide interesting opportunities for students and teachers
alike to interact with digital content in amultiperson learning
environment.
This study aims to deliver a critical analysis of the
literature on IWBs in mathematics teaching, with a view
to identifying strong and weak points and specifying a
theoretically and practically relevant research agenda. The
review first shortly discusses IWB affordances and presents
the focus of the study as well as the adopted methodological
approach. Next, we analyse in detail the results of empirical
research on the effects of the use of IWBs on learning and
students’ achievement. Finally, some conclusive observations
and reflections are developed, also in relation to the general
literature about information and communication technology
(ICT).
Technologically speaking, IWBs connect a computer—
linked to a data projector—and a large touch-sensitive
board that displays the image projected from the com-
puter and allows direct input and manipulation through
the use of fingers or styli. Software provided with the
boards offers additional functions that improve the facility
to control the computer at the touch of the screen [1].
As Beauchamp and Parkinson [2], Kennewell [3], Mercer
et al. [4], and others have noted, these additional functions
include the following:
(i) drag and drop: moving around screen items to allow
classification, processing, comparison, ordering of
terms, and so forth;
(ii) hide and reveal: allowing ideas to be shown gradually
so that conceptual development takes place, and
elaborating the development of hypotheses;
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(iii) colour, shading, and highlighting: emphasising simi-
larities and differences, enhancing explanations, and
allowing reinforcement through greater emphasis;
(iv) multiple visualization: matching different ways to
present an issue;
(v) multimedia presentation: replicating nondigital tech-
nologies such as overhead projectors, slide projectors,
and video players;
(vi) manipulation of objects from other technologies and
software: displaying objects elaborated in other types
of software and operating with them;
(vii) movement or animation: demonstrating principles
and illustrating explanations;
(viii) indefinite storage and quick retrieval of material: sav-
ing previous work as personal files and using them for
revision, support, and further development.
These features, combinedwith a display large enough for a
whole class to see clearly, provide teachers with opportunities
for access to a rich blend of diverse, multimodal resources,
for manipulation and exploration and for increasing class
participation.
As a result, IWBs are claimed:
“to have the potential to enhance demonstration
and modelling; to improve the quality of interac-
tions and teacher assessment through the promo-
tion of effective questioning; to redress the balance
of making resources and planning for teaching; to
increase the pace and depth of learning.” ([5], page
2).
Mercer et al. [4] stated that “the IWB allows a flexibility
in the marshalling of resources that enables teachers to cre-
ate interesting multimodal stimuli for whole-class dialogue
much more easily than do other technologies” (p. 207).
IWBs have been found to be particularly useful in
teaching mathematics. Glover et al. [6] affirmed that an IWB
still has the potential to transform mathematics teaching,
and in many cases it clearly has done so. The large-scale
study by Somekh et al. [7] revealed that with more exposure
to IWBs in mathematics pupils on average made greater
progress. Mathematics has always been, and is still, a subject
of considerable importance in schools; it is also a subject in
which educational technologies are frequently employed, in
part because the teaching of mathematic topics may greatly
benefit from multiple representations and animations, and
in part because a great deal of software for mathematics
instruction is available [8]. As reported by different authors,
in the UK, USA, Canada, Australia, and other countries,
IWBs are increasingly being used in mathematics instruction
both in primary and secondary education [9–12]. In 2005,
a national survey in England found that nearly half of all
primary school teachers (49%) had alreadymade use of IWBs
in their mathematics teaching; in secondary schools, 77% of
mathematics teachers used IWBs in their lessons [13].
Often mathematics lessons show a lack of variety, with
typical lessons concentrating on the acquisition of skills,
the solution of routine exercises and preparation for tests
and examinations [14]. In mathematics education, it is
commonly claimed that the use of multiple representations
and the flexibility to switch between them is an important
component in mathematical thinking, learning, and prob-
lem solving. Heinze et al. [15] stressed how “instructional
environments wherein learners are confronted with multiple
representations of a given mathematical concept, principle
or situation, and wherein they learn to switch fluently and
flexibly between these various representations, are considered
as more effective in enabling learners to understand and
apprehend mathematical notions and to develop a genuine
mathematical disposition than environments that do not
emphasize multiple representations” (p. 536).
Given its previously described affordances, IWB tech-
nology provides an innovative tool with high potential
for mathematics instructional environments. Teachers can
use IWBs for modelling mathematical ideas and strate-
gies, demonstrating theorems, explaining difficult concepts,
stimulating discussion about relevant mathematical topics,
inviting interpretations of what is displayed, and challenging
students to apply their mathematics to solve problems [16].
Good practice in mathematics education includes the use of
high quality diagrams and relevant software to support learn-
ing through, for example, construction of graphs or visual-
isation of transformations [10, 17]. The IWBs’ affordances,
especially the capacity to present a wide variety of multi-
media resources, the ability for movement and animation
to demonstrate principles and to illustrate explanations, the
possibility to match different representations (geometrical
and algebraic) may favour enhancements in teaching and
learning [8, 18]. Furthermore, mathematics learning is an
essentially constructive activity. Learners need to engage in
the processes of mathematical thinking: framing and solving
problems, looking for patterns, making conjectures, examin-
ing constraints, abstracting, inventing, explaining, justifying,
challenging, and so forth [19]. In this respect, the interactive
affordances of the IWB can be exploited to promote the
learners’ active involvement in these mathematical thinking
processes through the use of a more interactive pedagogy.
Because mathematics education is one of the domains in
which IWB technology may be most beneficial and because,
consequently, it is one of the domains that has received most
attention in IWB research, our literature review focuses on
studies of mathematics teaching through IWBs. The main
underlying question of this review is whether the use of IWBs
in classrooms improves the interactivity in mathematics
teaching, and whether this improvement enhances student
understanding of basic concepts, encourages idea generation,
and better promotes students’ achievements.
2. Method
The review process followed the three main steps of a
systematic literature review [20], namely, retrieval, selection,
and analysis of the literature.
Research was identified through authoritative internet
sources: ERIC (Education Resources Information Centre),
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Google Scholar, Science Direct, Thomson Reuters Web of
Science. Search terms andphrases included InteractiveWhite-
boards, IWB, and Smart Board (Smart Board is a particular
widespread IWB brand) combined with mathematics, math-
ematical education, and numeracy. The research sought for
journal articles, book chapters, proceedings, and doctoral dis-
sertations concerning teaching and learning mathematics in
IWB environments. Given the novelty of the field and the aim
to obtain a broad overview, the research was rather “open,”
including different kinds of contributions. Publications about
specific didactical practice (for instance a paper by Merrett
and Edwards [21] concerning software applications for angles
study) or papers pointing at special groups of students (for
instance disabled or gifted students) were excluded from
the review. The literature search was conducted in English
(searches conducted in Italian and French did not identify
any relevant results), because the literature on IWBs is
mostly in English as educational institutions in the UK
and the USA were first to adopt this technology and stems
predominantly from research in UK, where IWBs have been
used in classroom environments since 1999. In more recent
years, IWB use has spread through other countries, such as
Australia and some European countries, and a number of
studies from these countries are also available and have been
considered in this review. Research conducted in England
by the British Educational Communications and Technology
Agency (BECTA), which monitored the integration and
the effectiveness of IWB use in British schools since their
adoption throughout the country, was also included in the
review. Some special journal issues (Learning, Media and
Technology, 32, 3; Technology, Pedagogy and Education, 19, 1;
Australasian Journal of Educational Technology, 26, 4) and
an edited volume by Thomas and Schmid [22] published in
recent years, and providing evidence of the great interest
generated by this tool, were also consulted and selected. The
search for internet sources and journal annals was limited
to publications from the last twelve years (i.e., since 2002),
during which time the advancement and widespread use of
IWBs has grown rapidly [23].
Studies were analysed with respect to methodological
approaches, key findings, implications, and conclusions of
each study. The studies were categorized as follows:
(i) large-scale studies that do not rely on (quasi-) exper-
imental methods but use a combination of other
methods such as surveys an interviews with teachers
and students; classroom observations and statistical
analyses of students’ attainment (Section 3.1);
(ii) quasi-experimental studies investigating the impact
of IWB use on students’ gains, either by comparing
students with and without IWB use, or by com-
paring students in different IWB use conditions
(Section 3.2);
(iii) case studies (classroom observational studies in one
school or a limited group of schools), often integrated
with teachers’ and students’ interviews (Section 3.3);
(iv) contributions reporting interventions of various
kinds, aimed at enhancing IWB use, for example,
curriculum interventions and workshops that do
not fit into one of the three previous categories
(Section 3.4).
Table 1 shows the reviewed articles, the education level,
the country, type, employedmethods, and whether the article
was peer-reviewed.
3. Results
3.1. Large-Scale Studies. Three large-scale studies were
retrieved, two in primary education [7, 18] and one in
secondary education [17]. All three studies used a mixed
method research design including surveys, interviews with
both teachers and students, in-depth case analyses, and
statistical analyses of students’ attainment in national tests.
A large-scale evaluation of the impact of IWBs for
the UK’s Primary National Strategy’s “Embedding ICT in
the Literacy And Numeracy Strategies” was conducted by
Higgins et al. fromNewcastleUniversity (UK). In this project,
IWBs were installed in all of the Year 5 and 6 classes in
more than 70 primary schools (122 classes) in six regions
of England [18, 24]. The evaluation investigated aspects of
classroom interaction through a series of structured observa-
tions, teachers’ weekly records of IWB use, and the impact on
students’ attainment through their performance in national
Key Stage 2 (classes from 3 to 6) tests. Structured observations
of classroom interaction were undertaken in 2003, and again
a year later in 2004. A total of 184 lessons were observed; the
research focused on differences between lessons where teach-
ers did and did not use IWBs for literacy and mathematics
and on any changes in patterns of interaction a year later.
The research also investigated teachers’ perceptions (through
individual interviews with sixty-eight teachers) and students’
perceptions (through twelve group interviews with students
who had been in classes where an IWB had been in use for
two years).
Teachers reported using the IWBs in approximately two-
thirds of the mathematics lessons in 2003 and nearly three-
quarters of these lessons in 2004. Overall, the interviewed
teachers were extremely positive about the impact of IWBs
on their teaching and thought that using the IWBs in
lessons improved students’ motivation to learn. A consistent
proportion of teachers (85%) believed that IWBs would lead
to improvements in students’ attainment.
Students were also very positive about the use of IWBs;
most of the pupil groups interviewed stressed that the IWB
helped them to pay better attention during lessons, due to the
opportunity for a wider range of resources and multimedia
features being used.
In observed lessons, classroom interactionwasmonitored
by logging the number of different types of discourse. The
scheme gathered data on teachers’ questions (open or closed),
whether questions were answered (and by whom), and the
types of evaluative response given by the teachers to stu-
dents’ answers. It also recorded pupil initiations in the form
of questions and statements. Through a one-way ANOVA
test, significant differences were found between lessons that
employed IWBs and those not using them. The IWB lessons
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Table 1: Key studies included in the review (in alphabetical order of first author).
Authors and year Educationlevel Country Type Methods
Peer-
reviewed
1 Bruce et al., (2011) [9] Primary Canada III Classroom observation, students’ and teachers’survey, teachers’ interviews Yes
2 Essig (2011) [41] Primary USA III Classroom observation, teachers’ interviews No
3 Glover et al., (2003) [27] Secondary UK III Classroom observation, students’ and teachers’survey, teachers’ interviews No
4 Glover et al., (2007) [6] Secondary UK III Classroom observation, students’ and teachers’survey, teachers’ interviews Yes
5 Glover and Miller (2009)[35] Secondary UK IV Development of IWB use in classrooms Yes
6 Higgins et al., (2005) [18] Primary UK I
Teachers’ survey, teachers’ and students’
interviews, classroom observation, test
achievements
No
7 Holmes (2009) [37] Pre-serviceteachers Australia IV Development of mathematical lesson activities Yes
8 Jewitt et al., (2007) [30] Secondary UK III Classroom observation, students’ interviews Yes
9 Jones and Tanner (2002)[26] Secondary UK III
Classroom observation, students’ and teachers’
survey, teachers’ interviews Yes
10 Kennewell et al., (2008)[13] Primary UK III
Classroom observation, students’ and teachers’
survey, teachers’ interviews Yes
11 Lavicza and Papp-Varga(2010) [39] Secondary Hungary IV
Development of mathematical lesson activities
using geometrical dynamic software Yes
12 Miller et al., (2005) [28] Secondary UK III Classroom observation, students’ and teachers’survey, teachers’ interviews No
13 Miller et al., (2005) [29] Secondary UK III Classroom observation, students’ and teachers’survey, teachers’ interviews No
14 Miller and Glover (2007)[16] Secondary UK III
Classroom observation, students’ and teachers’
survey, teachers’ interviews Yes
15 Miller et al., (2008) [36] Secondary UK IV Development of IWB use in classrooms No
16 Miller and Glover (2010)[10] Secondary UK IV Development of IWB use in classrooms Yes
17 Miller and Glover (2010)[38] Secondary UK IV Development of IWB use in classrooms No
18 Moss et al., (2007) [17] Secondary UK I
Classroom observation, teachers’ survey,
teachers’ and students’ interviews, test
achievements
No
19 Serow and Callingham(2011) [32] Primary Australia III
Classroom observations, field notes, students’
work samples Yes
20 Smith et al., (2006) [24] Primary UK I
Teachers’ survey, teachers’ and students’
interviews, classroom observation, test
achievements
Yes
21 Somekh et al., (2007) [7] Primary UK I
Teachers’ survey, teachers’ and students’
interviews, classroom observation, test
achievements
No
22 Swan et al., (2010) [11] Primary andsecondary USA II Students’ attainments No
23 Tataroglu and Erduran(2010) [25] Secondary Turkey II Students’ attitude survey and interviews Yes
24 Torff and Tirotta (2010)[8] Primary USA II
Students’ attainments, teachers’ and students’
interviews Yes
25 Wood and Ashfield(2008) [33] Primary UK III
Classroom observation, students’ and teachers’
survey, teachers’ interviews Yes
26 Zevenbergen andLerman (2008) [12] Primary Australia III
Classroom observation, students’ and teachers’
survey, teachers’ interviews Yes
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contained more whole-class teaching and less group work.
The lessons involving IWBs had significantly more open
questions, answers from students, probes, evaluation, and
general discussion. Most of these differences were only
observed after the IWBs had been in use for a year. The IWB
use also contributed to a faster pace in the lessons (measured
as increase in the total number of interactions between the
teacher and students in these classes). In terms of the impact
on students’ attainment, however, the IWBs appeared to have
a negligible effect. Compared with other schools nationally,
the students in the IWB pilot schools performed better on
national tests in mathematics in 2003. Though statistically
significant, the extent of the difference was small, and no
difference was found in performance on national tests for the
pilot project schools in 2004.
The second large study of primary education in literacy,
science, and mathematics was conducted by Somekh et al.
[7]. The study concerned 4,116 students from Year 3 to Year
6 (aged between 7 and 11) in 172 classes in 97 primary
schools, and 3,156 students in Years 1 and 2 (between 5 and
7 years old) in 160 classes in 96 primary schools, in 20
local authorities in England. The research was carried out
between September 2004 and December 2006, and included
classroom observations, logs of interactive whiteboard use
kept by teachers, IWBs coordinators’ survey and teach-
ers’ survey, and evaluation of students’ achievements. The
research involved the collection and analysis of a large body
of quantitative and qualitative data. Multilevel modelling
analyses linked the length of time students have been taught
with IWBs to greater progress in national test scores. The
multilevel modelling approach was capable of investigating
the impact of IWBs and the extent to which this may differ
for specific groups of children. Interestingly, this study is
the only one that also examined differences among students
with respect to different levels of attainment. It was found
that IWBs benefited averagely attaining students and high-
attaining students in that they made greater progress with
higher exposure to IWBs in mathematics, whereas IWBs
had little effect (but certainly not a detrimental effect) upon
the progress in mathematics of low-attaining students. In
evaluating their findings, the researchers concluded that the
use of an IWB increases the level of children’s engagement
with learning activities.
Within the context of this second large-scale study, the
researchers also observed nine teachers from seven schools.
The teachers were chosen on the basis that in national
tests in 2005 their classes had shown progress between the
baseline and posttest outcomes. This enabled the evaluators
to observe classrooms where the use of IWBs had become
fully embedded in teaching and learning through use for
more than two years. Over the period of the evaluation,
the use of IWBs across the curriculum had increased. A
huge majority of interviewed teachers felt they had adopted
new teaching practices as a result of having an IWB. In
the observed classrooms many teachers had made radical
changes to their lesson planning, creating or accessing their
own resources, and storing them in either personal or shared
areas on the school’s server. Research findings fromclassroom
observations showed that IWBs aid the teaching of difficult,
abstract and complex ideas, that the ambience of classrooms
in which IWBs are used is more cooperative and “sharing,”
and that there are very positive effects on the attention,
attitude, and motivation of students in classes with IWBs.
Authors stressed how IWBs introduce more possibilities for
positive interactivity between the teacher and the learners,
which is an essential pedagogical component.
The third large-scale study, on secondary education, by
Moss et al. [17], evaluated the expansion of the use of IWBs in
mathematics, science, and English into all secondary schools
in London. The objectives of the research were to assess the
impact of IWB use on teaching and learning, teacher/pupil
motivation, pupil attendance and behaviour, and outcome
attainments in core subjects. Like the two previous investi-
gations, the study used a mixed methods research design:
in-depth case studies, with structured observation and video
recording of lessons (27 classes), teacher’s surveys, and group
interviews with students from each of the classes observed.
Researchers also conducted a statistical analysis of students’
performances (national test scores in English, mathematics,
and science for students aged from 11 to 16).
The authors reported that IWB use varied according
to the teachers and subject areas and that although the
novelty of the technology was initially welcomed by students,
the increase in motivation appeared short-lived. Authors’
analysis of in-depth case studies showed that the differing
curriculum demands of mathematics, science, and English
affected the way in which teachers interpreted and used the
facilities afforded by IWBs. For instance, the use of IWBs
to visualise or dynamically represent abstract concepts in
new ways had immediate relevance in mathematics and in
science, but to a lesser degree in English. In both interview
and survey responses, it became apparent that some of
the IWB features have a special usefulness in mathematics
lessons. The use of colour, shading, and highlighting, capa-
bility for multiple visualization and animation, and dynamic
applications to reinforce conceptual learning were the most
frequently mentioned aspects of the IWBs that students
and teachers were positive about. Mention was made of the
clarity and accuracy of diagrams, animations, and use of
specific software (graphing or geometrical) that could more
accurately replicate the object under discussion in ways that
teachers’ “freestyle” drawings could not.
In their analysis of recorded lessons, Moss et al. [17]
observed that the use of an IWB as such does not automat-
ically alter the dynamic of whole class teaching in secondary
mathematics. Teachers conceived interactivity in different
ways (technical interactivity, i.e., use of IWBs technical
features, physical interactivity, i.e., students using the board,
and conceptual interactivity, that involves a deeper under-
standing of concepts) and this influenced the pedagogy
observed in the classrooms. Observations showed that when
use of the technological tools took precedence over a clear
understanding of pedagogic purposes, IWBs were used to
reinforce whole class teaching from the front, with limited
dialogic episodes and little student interaction. Where best
practices were observed, teachers had consciously set aside
time to reflect on the most appropriate use of the technology
in their pedagogy and more spaces for interactive work,
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discussion, and extended dialogue were opened up. These
lessons were characterized by a move away from only using
IWB features such as drag-and-drop or hide-and-reveal, to
the use of dynamic demonstration to reinforce learning and
creating opportunities for talk supported by technology-
enabled manipulation of elements on the board.
Statistical analysis explored the impact of the increase
in IWB acquisition on students’ performance. The data
were used in separate sets of regressions to analyse whether
changes in the “value-added” achieved at school level, at
teacher level and by departments between 2003/04 and
2004/05, could be attributed to the increased number of
IWBs per student between the two years. Due to technical
problems, the analysis was limited to just over 30 schools
(9 per cent of London schools), and around 9000 students.
Overall, the statistical analysis failed to find evidence of any
impact on students’ attainment (measured in national test
scores) in the academic year 2004/5.
3.2. Quasi-Experimental Studies. The three large-scale stud-
ies presented above do not lead to conclusive claims about
students’ cognitive attainments in mathematics. Whereas the
study by Somekh et al. [7] found an increase in students’
performance, the other two did not reveal any appreciable
rise. The three studies presented in this section are (quasi)-
experimental studies and substantially confirm the results of
the large-scale studies, namely, that increases in attainments,
where observed, are small and weakly significant.
A first quasi-experimental study was carried out by Swan
et al. [11].The research took place in a small city school district
in northern Ohio, USA, and involved students enrolled in
eleven elementary schools, three junior high schools, and
one alternative school in 2006-2007. A total of 31 classes in
which teachers used IWBs for mathematics instruction in
grades three through eight (age 7 to 15) were compared with
43 classes in which teachers did not use IWBs. The state
Ohio Achievement Tests (OAT) measure students on what
they know and are able to do in various subjects and are
applied in grades three through eight; the results given here
come from a comparison of OAT scores between students
whose teachers used IWBs in mathematics or English
language in those grades, and students whose teachers did
not. The results of this study show a slight achievement
increase amongst students whose teachers used IWBs for
mathematics instruction. The increases were statistically
significant only in mathematics, and not in other subjects.
Torff and Tirotta [8] conducted another quasi-experi-
mental study to determine the extent to which teachers’
attitudes about the use of IWB technology (assessed by
a teachers’ survey) was associated with upper elementary
students’ self-reported level of motivation in mathematics.
The study involved 32 teachers and 773 students in 3rd, 4th,
and 5th grade classes in a single school district in suburban
New York City (USA).The sample was divided in a treatment
group, exposed to IWB lessons, and in a control group
taught without IWB. Analysis of covariance (ANCOVA) was
performed to determine the extent to which students’ atti-
tudes about mathematics differed across groups (treatment
versus control), controlling for grade level, students’ gender,
teachers’ attitudes about IWB, teachers’ years of teaching
experience, teachers’ gender, and teachers’ level of educa-
tional attainment. The variable “teachers” attitudes about
the IWB’ made a significant contribution to the variance
in students’ self-reported motivation level in mathematics,
although the effect was quite small (𝑃 < 0.05; partial eta-
squared = 0.02). The remaining four independent variables
made no significant contribution to the variance in students’
motivation level. In the group exposed to IWB lessons,
teachers’ positive attitudes about the IWBs were associated
with slightly higher levels ofmotivation among their students;
in other words, teachers who strongly supported using the
IWBs (and most likely used the technology well) produced
larger motivational effects in their students, nevertheless the
motivation-enhancing effect of the IWBs found in this study
was very weak. Considerations by the authors stress the need
to examine in greater detail how the IWB is used in the class-
room and what kinds of results these various uses produce.
Finally, the research by Tataroglu and Erduran [25] was
done to determine the attitudes and to evaluate the views
of 10th grade students towards IWB use in mathematics
classes as part of a quasi-experimental study.The participants
were 60 students from a public school in the city of Izmir,
Turkey. This group’s lessons were covered using an IWB
for five weeks. Quantitative data was collected using a
questionnaire developed by the researchers “Attitude Scale
Towards Interactive Whiteboard in Mathematics Classes.” In
addition, an interview form was used to collect qualitative
data. Students were introduced to this new technology for the
first time and used the IWB for a short period. The authors
found that the use of the IWB increased students’ interest and
motivation and focused their attention. Students’ attitudes
towards IWBs were positive: more than half of the students
stated that they would like to do all their math lessons using
the IWB, as it provided the advantages of saving time and
providing visuals. Amongst the negative features, students
mentioned writing because it was difficult to write on the
IWB, and there was a delay between something being written
and appearing. According to some students, the fast pace of
the lessons in which the IWB was used created a negative
situation.
3.3. Case Studies. While large-scale and small-scale studies
of outcome variables were relatively few, a larger number
of case studies and observational studies were carried out
by different authors. These studies are empirical enquiries
that investigate the IWB use in classroom context, have a
smaller scale (one school or a limited group of schools) than
the large-scale studies previously presented, are not quasi-
experimental studies, and focus on the implementation of
IWBs in mathematics teaching and learning rather than on
general results. All the studies in this group are qualitative
studies, based mainly on classroom observations. Teachers
were observed while teaching with IWB support, trying to
identify IWB features, and teaching strategies that improve
effectiveness and interactivity inmathematics lessons. Obser-
vations were often related to frameworks elaborated by the
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research team together with the observed teachers, and not
always these frameworks were specified in detail. Therefore,
in many cases it was not possible to retrieve information
on the quality of instruments used, the appropriateness of
methods applied, and the quality of the results. Classroom
observations were often combined with teacher and student
interviews.
Jones andTanner [26] studied eightmathematics teachers
from four secondary schools in the south of Wales, UK,
forming a teacher inquiry group to qualitatively research
the impact of introducing whole-class interactive teaching
strategies into their own practice with IWBs. Lesson obser-
vations, interviews with teachers, and discussions at the
group meetings, however, indicated that the implementation
of the strategies varied significantly between teachers. The
main features recognised within the classroom dialogue
included the extent to which students were encouraged
to reflect on their mathematical knowledge and the ways
in which teachers were able to scaffold students’ learning.
Findings from the study showed that the quality of the
interaction varied between teachers. The quality was found
to be dependent on the opportunities created for reflection
and on the quality of the questions posed. Opportunities
for reflection and quality of questioning needed to be devel-
oped to ensure interactivity in mathematics teaching when
using IWBs.
Glover et al. [27], within the Cognitive Acceleration in
Mathematics Education (CAME) project, observed mathe-
matics teachers from 12 schools working in partnership and
using IWBs; the teachers were all competent in IWB use. Six
lessons about fractions, based on the mathematics National
Curriculum for Year 7 (students aged 11-12), were elaborated
and usedwith students.The aimof the project was to establish
whether—and if so, how—the use of the IWBs promoted
learning in mathematics. Evaluation was by questionnaire-
based pupil and teacher surveys, teacher measurement of
enhancement in learning, teacher interviews, and observed
lessons. Activities included shading fractions of shapes,
equivalent fraction problems, use of a fraction wall (a visual
tool that helps to understand fractions equivalence), and frac-
tions on lines of varying length. In all lessons, some attempt
was made to recognise and respond to varying learning style
needs. The lesson structures demonstrated a variety of visual
representations of concepts and examples. In part this came
from the use of visual, verbal, and sequential materials, but
in some lessons teachers used alternative representations of
ideas, showing fractions in different ways, or using fractions
of a shape to illustrate a numerical statement. Teachers were
using the IWBsmainly during the phases of introduction and
demonstration while during the exemplification phase IWB
practice varied; some teachers did not use them at all, while
others used them to reinforce learning and understanding.
The authors concluded that teachers’ employment of IWBs
was still in its infancy, not from the point of view of technical
interactivity using the IWB’s functionality, but rather with
respect to the pedagogical interactivity.
Miller et al. [28] reported the findings of research
undertaken for BECTA (British Educational Communications
and Technology Agency). The research was conducted in
secondary schools observing and video recording 10 mathe-
matics teachers and 13 modern foreign language teachers for
at least one lesson (some for more), and then interviewing
them using a semistructured interview format. The key
question was “What are the essential features of interactivity,
intrinsic to the use of IWBs that make them more effec-
tive than current similar presentation media (whiteboards,
overhead projectors, computers with data projectors)?”
([28], p. 4). The analysis suggested that teachers progressed
through three stages according to their level of interactivity:
(i) supported didactic: where IWBs are used as visual
support, the teacher tends to direct teaching; the focus
is on the teacher and students are receptors;
(ii) interactive: where IWBs are used as an occasional
stimulus and for demonstration with lively content,
students are encouraged to question and develop
ideas when the IWB is in use, and the teacher
promotes discussion but the style is still directive;
(iii) enhanced interactive: where IWBs are used to prompt,
explain, develop, and test concepts throughout a les-
son, combining differing modes of learning (verbal,
visual, and kinaesthetic approaches); the teacher uses
IWBs for most lessons, exploiting their complexity
with fluency to stimulate and develop ideas for and
with students.
A feature of enhanced interactivity was the way in which
the IWBs were being used to underpin lesson structure and
to enhance the way that students were thinking. The authors
analysed the structure of a lesson at enhanced interactivity
level. First, objectives were set, sometimes revisiting earlier
IWBs slides. Next, “a bright and lively starter would be used
to stimulate interest, to offer a chance for brainstorming as a
bridge to the main part of the lesson or to revise necessary
associated learning.” ([28], p. 17).
In the main part of the lesson, the IWB was the focus
of much activity; it was effectively used to give clear models
in illustration, explanation, sequencing of ideas and the
development of main principles. During this part of the
lesson, the authors stressed the importance of understand-
ing and using questioning: teachers used very few closed
questions, and moved quickly to open questioning. IWB
multiple visualization affordance appeared to be of great
benefit when the style of questioning shifted from closed
questions to those that required reasoning in the devel-
opment of a process or the building up of an argument.
Lessons concluded with a plenary session involving the
recall of earlier examples and previously studied material
to ensure understanding and form the basis of extension
work. In mathematics, this was usually achieved by posing
a cognitive question as both a conclusion and a bridge to the
next lesson.
Thekey featurewas found to be planning andpreparation.
Teachers at the enhanced interactive stage tended to plan
for cognitive development. They tended to use clear visual
representation of concepts and ideas, often illustrating them
in different ways by taking into account the capabilities of the
IWBs. IWB features were used to demonstrate the potential
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for abstract knowledge to be physically and verbally realised
and then manipulated by teachers and students, and for this
process to be displayed and so made available to the whole
class.
Miller et al. [29], in a study conducted by a team from
Keele University in 12 local secondary schools in England,
video recorded and analysed mathematics lessons of those
teachers who were making extensive use of IWB technology.
Analysis was conducted referring to a number of variables
(the timeline and activity sequence in each lesson; class-
room management issues; the nature of IWB techniques
used within the lesson and their perception by pupils; an
assessment of the teaching style used in the lesson; teacher
and pupil technological fluency; identification of practical
and pedagogical issues; enhancement resulting from IWB
use within a framework of pedagogic elements; the extent
of “on task” work when the IWB was the focus of attention;
the percentage of the lesson when the IWB was the focus
of teaching and learning; the contribution of IWB use to
conceptual and cognitive development), but the analytic tools
used in the study are not specified. The authors observed
that there are canonical visual representations and demon-
strations in the mathematics curriculum which the visual
features of IWBs, such as drawing software, can enhance,
leading to new forms of display and collective analysis. For
teachers working at the enhanced interactive stage, there was a
tendency to use activities that featured several techniques and
to employ a combination of commercially producedmaterials
and materials developed by the teacher. These lessons had
greater pace and tended to use the IWB as the focus of all
activity.
According to Miller et al. [29] the main features for
encouraging learning are the intrinsic stimulation provided
by the combination of the visual, kinaesthetic, and auditory
paths to learning, the sustained focusmaintained throughout
the lesson by the teacher’s management and “orchestration”
skills, and stepped learning through constant challenges with
frequent assessment of achievement as a stimulant to further
involvement. The potential enhancements in learning orig-
inate from the design through which teachers structure the
learning processes so that the IWBmay reveal its affordances.
Other authors gave examples of the different practices
of using IWB technology in classrooms. Jewitt et al. [30]
observed in 2004-2005 a number of mathematics lessons
in 27 classrooms of secondary schools and examined how
resources were articulated and mediated in the classroom
through teachers’ lesson design. No quantitative data were
reported; the study was based on qualitative observations.
In some of the observed lessons the IWB was used in much
of the same way as a traditional blackboard, while in other
lessons IWBswere used in an advancedmanner. For example,
the topic of one lesson was algebra and factorisation; the
teacher used a prepared flipchart text.Themain slide showed
the black outline of a square divided into sections and two
sets of shapes: a yellow square and a series of four differently
coloured shapes (two brown rectangles of the same size,
and two differently sized and coloured squares) which, when
arranged, filled the yellow square and outline. The teacher
taught from the back of the class. The black outline of the
square displayed on the board acted as a guide for the initial
arrangement of the shapes; students then suggested and
showed alternative arrangements of the four shapes within
the square. The students used image, colour, and movement
to explore factorisation throughmanipulation of the different
shapes and visual checking of the fit between the series of
shapes and the large yellow square. The visual and dynamic
text offered the students a different representation that was
central to the learning task. Images did not supply a similar
version of a concept; they provided a different representation
of it. The multimodal representation offered the possibility
to make connections between the specialised knowledge
of mathematics and the everyday knowledge of space and
design. The whole-class teaching method was designed to
enhance and create spaces for interactive work. Discussion
and extended dialogue were opened up by the teachers’ use of
the IWB.The board was used to display students’ processes of
thinking and ideas, realised through discussion and student
participation in the lesson.The teacher and students together
created the texts.
Another study by Miller and Glover [16] was carried
out in the mathematics departments of seven English sec-
ondary schools during the two terms following the instal-
lation of several IWBs within the department. Qualitative
analysis concerned the level of the lessons (classified by
the researchers as “supported didactic,” “interactive,” and
“enhanced interactive”) and changes in these levels from the
first to the second phase of observations. The seven schools
were drawn from three localities and comprised a range of
rural, semirural, and urban contexts. In the schools, IWBs
were installed in spring 2005. All schools were visited in the
weeks shortly after the installation of equipment (September
2005) and then again in early January 2006. During the
initial visit, 42 complete mathematics lessons were recorded,
and 46 lessons were recorded during the second visit. One
to three lessons were observed for each teacher. The main
concern was ascertaining participants’ perceptions of their
induction into the use of IWB technology (over this period
of two terms) and to see whether there was any relationship
between the induction experience and the impact that this
had on classroom practice. Evidence suggested that the
technology was either installed with minimum IWB training
and a general technological and pedagogical introduction or
installed with continuous mentoring from advisors. In those
schools characterised by the latter pattern, there appears
to have been a more rapid progression from traditional
to interactive teaching approaches; the authors’ conclusion
was that effective IWB teaching requires continuing profes-
sional development and specific personal coaching with a
consideration of both interactive whiteboard techniques and
pedagogy.
Glover et al. [6] involved teachers drawn from mathe-
matics and modern foreign language departments in sec-
ondary schools in a study that was undertaken in 2003-2004.
This study presented interesting findings and reflections
about elements that may foster an enhanced interactive
pedagogy: planning for cognitive development, clear visual
representation of concepts, activities that encourage an active,
thinking approach, illustrating concepts in different ways,
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sequencing, and immediate feedback. Regarding mathemat-
ics, 24 teachers from 20 different schools were involved;
arrangements were made to video record 34 lessons (some
teachers agreed to be video recorded with a second teaching
group and so were observed twice). Structured interviews
were undertaken with all participating teachers. Inquiries
referred to training, perceptions of the problems inherent in
IWB usage, development of IWB competence (both teacher
and student), changing approaches to classroom manage-
ment, lesson content, and changes in pupils’ conceptual
and cognitive understanding. Video recorded lessons were
analyzed with respect to the lesson structure (timeline and
activity sequence, nature of IWB techniques used, assessment
of the teaching style used: on a range from didactic to expe-
riential), classroom management issues (group arrangements
when pupils were at their tables or at the IWB, use of other
teaching materials such as textbooks and worksheets, and
their integration with the IWB) and IWB impact on effective
teaching (technological fluency of teachers in the preparation
of materials and IWB use, students’ fluency in IWB use,
impact on conceptual learning and on cognitive development
in relation to achievement of objectives, use of different ways
to address various learning styles to enhance understanding,
and the occurrence of episodes of recall and review). Results
from observations were discussed with the teachers’ team at
a qualitative level.
Three approaches to teaching (supported didactic, interac-
tive, and enhanced interactive [28]) were evident to a greater-
or-lesser extent in each of the observed lessons. In the lessons
classified as showing enhanced interactivity, some common
features were identified:
(i) lesson preparation: technology required teachers to
plan with greater precision than in traditional teach-
ing approaches;
(ii) lesson structure: the need for precise lesson prepa-
ration meant that effective teachers maintained a
structure which offered opportunities for cognitive
growth through reflection;
(iii) storing and editing lesson: using an IWB continuously
allows teachers to save and reuse resources. Saving
materials as the basis of future lesson planning meant
that basic lessons could be refined from class-to-class
or year-to-year, in the light of changing students’
needs and context.
Also this study stressed that it is the quality of the teaching
that ensures progress and that the IWB by itself does not
guarantee it. The authors point out the need for teachers to
have time for developing their technological fluency, and then
for incorporating the IWB into their teaching. Only once
teachers get skilled in using the technology, they can improve
the value of the IWB as a pedagogical tool.
Kennewell et al. [13] referred to an Interactive Teaching
and ICT project (Swansea School of Education-Wales, UK)
conducted in 2005–2007 in juniors schools, with students
aged between 9 and 11. Central to the design of the project was
the observation and recording of typical lessons using IWBs
taught by the participating teachers (about forty teachers),
followed by video-stimulated reflective dialogue between the
teacher and their partner researcher. The framework used
for the analysis was intended to allow for comparing whole-
class, group, and individual activities involving the IWB, and
drawing conclusions concerning the relationship between
technical and pedagogical interactivity.The teachers watched
the recording of the lesson and selected some episodes
for discussion during the reflective interview which was
normally held a few days later. Students were also interviewed
about the lessons when it was possible. The lesson notes and
reflective dialogues were analysed in terms of the goals, the
activities, the perceived learning, and the orchestration of
the affordances and constraints of the setting in order to
achieve the goals of the participants. The study presented a
detailed case study. The lesson observed was in mathematics,
concerning skill in addition and subtraction, with a class of
29 students. The lesson comprised four phases: the initial
phase was a whole-class activity concerning the familiar
idea of placing directed numbers in order on the IWB; the
main teaching phase was another whole-class activity, which
extended the learning to calculations of differences between
directed numbers; the third phase involved group/individual
work on activities similar to those in the second phase;
and the final phase was a plenary session in which the
teacher helped the students to reflect on and formalize the
ideas that they had been developing during the previous
phase. Through a detailed analysis of the four phases the
authors found that the influence of the IWB was important.
The teacher was skillfully orchestrating the abilities of the
students, togetherwith the dynamic visual and tactile features
of the IWBdisplay.The IWB acted as a shared resource for the
class and, in fact, only the students interacted with it directly.
Beauchamp et al. [31] used amusicalmetaphor to describe
teaching approaches in mathematics classrooms using IWBs.
According to the authors the IWB could be considered as
an instrument that the players (the teachers) have at their
disposal, additional to the more traditional ones of voice,
pen/paper, board, and so on. Some instruments will be better
quality than others, some players will have a greater skill
level than others, and the role of the orchestrator in musical
genres is to try and draw the best from the instruments
and players at their disposal by allowing varying degrees
of freedom within a structured environment. To illustrate
this metaphor a teacher was observed using IWBs to teach
a class of 13- to 14-year-old students about reflection. The
software allowed shapes and mirror lines to be drawn and
dragged on a grid and generated reflections in specified
lines, together with construction lines if required. The lesson
started with a triangle displayed on the IWB. The class was
asked to discuss in pairs and predict the position of the
reflection. Each suggestion was considered in turn, with
students being invited to the board to demonstrate their
ideas. The teacher asked probing questions about students’
reasoning and focused attention on salient features and
limitations of the strategies. Finally, the software was used to
confirm the position of the reflection under the lines drawn
by students, and the construction lines were inserted. In
the discussion that followed, “the teacher orchestrated the
contributions from a range of voices, in a complex dialogue
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that summarised the learning that had occurred. At this stage,
the orchestration demanded improvisation from students as
well as the teacher in a cumulative dialogue” ([31], p. 148).
Serow andCallingham [32] presented findings of a project
that considered the implementation of IWB technology in
threeAustralian primarymathematics classrooms (students 5
to 12 years of age) within a one-year period observation. The
study analyzed the teaching strategies adopted by the three
teachers as they embarked on the use of IWB technology as
an integral component of their mathematical class activities.
Data sources included classroom observations, field notes,
and students’ work samples produced using IWB technology.
In their observations the researchers found three levels of
teacher use of IWB technology: use as blackboard substitute,
apprentice user, characterised by use of a wider range of the
tools provided by the IWB, and initiate user, aware of an
advanced IWBs use to enhance pedagogy. Only at the last
level IWB technology as a teaching tool promoted student-
centered mathematical activities. From the study it appeared
important to engage students not only in technological
affordances but in interesting and challenging mathematical
tasks.
Not all the case studies show enhancement of interactive
work. Wood and Ashfield [33] observed in England ten
whole-class lessons in which IWBs were used; five in literacy
and five in numeracy, in five primary schools. In addition
to these observations, interviews with the respective class
teachers and focus group discussions with students provided
qualitative data regarding perceptions of IWB technology and
their use within the classroom. The authors noted that in
many ways the functionality of the IWBs could be viewed as a
modern technological version of the traditional blackboard.
Observations indicated that teachers did not seek to engage
students in higher-level thinking through process-oriented
discussion, and the students generally took a somewhat
passive role as learners. They seemed to be engaged by the
colourful graphics and the movement of visual elements, but
opportunities to develop a more interactive approach, stim-
ulating discussion through open and probing questioning,
were not fully exploited by the teachers. Effectively, in case
multimedia resources and materials were used to replace the
teacher through the display and transmission of information,
learning appeared to be a matter of routine, with limited
opportunities for interaction and discussion.
Zevenbergen and Lerman [12, 34] observed 15 classrooms
from the upper primary sector using IWBs over three years;
the study was part of a much larger study in Australia
(Queensland and Victoria) concerned with the ways tech-
nologies (ICT) were being used to support mathematical
learning in the middle years of school, and comparing
classrooms using ICT with classrooms not using it. Ground-
ing on their observations the authors concluded that the
use of IWBs actually reduced the quality of mathematical
learning, andoffered little autonomous/independent learning
opportunities for students. Moreover, although IWBs offer
affordances not possible in previous media, the overall
prevailing pedagogy was similar to more traditional ways
of teaching. For the analyses the authors used a number
of categories involving four dimensions dealing with the
quality of learning: intellectual quality (e.g., deep understand-
ing, substantive conversation); relevance (e.g., knowledge
integration, problem-based curriculum); supportive school
environment (e.g., social support, self-regulation); recognition
of difference (e.g., inclusivity). Classrooms using IWBs scored
substantially lower than classrooms that did not use them
in the two dimensions which related to the intellectual
quality aspects of mathematics learning. Although there were
instances in which the IWBs made a rich introduction to
aspects of mathematical language possible, the data indicated
that, from the pedagogical point of view, their effectiveness
may be somewhat limited.
Finally, Bruce et al. [9] conducted two case studies in
Ontario (Canada), in mathematics classrooms with teachers
of children aged 10 to 12, collecting data during 8 months.
Their aim was to identify how and why the IWB was a pro-
ductive tool that impacted student learning in mathematics.
To do this, the authors looked in the course of the lessons for
“significant learning moments”, that is, productive instances,
inwhich the use of the IWB is essential for the construction of
ideas and conceptual understanding and has a clearly positive
impact on student understanding. These significant learning
moments are in contrast with reproductive instances, inwhich
the actions on the IWB could be realized in other ways, and
with problematic instances, in which technological glitches
may actually interfere with learning.
In their count of IWB use instances by teachers and
students the authors found 89% of productive instances, 2%
of reproductive instances, and 9% of problematic instances.
Productive uses abounded when the teacher used a dynamic
IWB feature such as a mathematics content tool, internet
link, or interactive program, or when teachers provided
opportunities for students to do the same. Researchers were
surprised with the lack of reproductive instances of IWB use,
particularly because reproductive use that supports existing
traditional pedagogy is considered a primary type of use in
the United Kingdom.
Conclusions by the authors stressed that IWB facilitated
positive learning moments for students due to facilitated
shared experience: students had the ability to view mul-
tiple solutions and solution strategies on a large screen
(for collective viewing and discussion) with the sup-
port of software tools that illustrate mathematical think-
ing dynamically. In this way, the IWB operated as a
tool to support co-construction of mathematics ideas,
supporting simultaneously the creation of a collaborative
learning environment.
3.4. Various Contributions. This last section presents a quite
varied collection of papers that describe curriculum inter-
ventions or provide suggestions for supporting teachers
using IWBs in classroom practice, the implementation of
external software in combination with IWBs, and discussion
contributions to improve teachers’ professional development
with respect to the use of IWBs.
An IWB research in secondarymathematics teaching was
undertaken over two years by a team of teachers working
with the Keele University Interactive Whiteboard Team, led
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by Miller et al. [35, 36]. The research focused on pedagogical
activities integrated with IWB use, and on curricular content,
which was often neglected in other studies.
The study combined a curriculum intervention, involving
the development of software and pedagogical topic guides
designed to exploit the interactive potential of the boards
with an evaluative study of these materials in use. The team
created, tested, and finalised a set of materials and resources
which would be usable as a stand-alone resource to help
mathematics teachers to develop and adapt their pedagogy in
order to use IWBs more effectively and efficiently. Methods
for the evaluative study of designed materials included
classroom observation, teacher and pupil surveys, and two
attainment tests, designed to assess the impact on pupil
learning. The team proposed an interactive way of working
with the IWBs integrating learning activities that might start
from work on the IWB (i.e., at the board) or from a desk-
based activity (on the desk) or from a concept, idea, or
learning objective (in the head). All lesson activities were
integrated into an interactive (rather than presentational)
whole and orchestrated using the IWB software as the means
of storing and organising all the electronic resources for the
lesson, facilitating students’ interaction with the teacher, the
IWB and with each other. In their report, the authors stressed
the need for a further range of IWB materials and didactical
resources to be developed that reflect the nature of their
intended interactivity.
Holmes [37] examined the assessment tasks of a sample
of Australianmathematics preservice teachers; the preservice
teachers had to plan effectively to integrate IWB features
into their mathematical lessons. In teachers’ perceptions the
primary benefits of the technology were related to the ease
with which visual images in the form of diagrams, pictures,
links to websites, and animations can be incorporated. In
Holmes’ opinion, the dominant transformative feature of
the IWB technology is its potential to engage students with
varied visual representations and virtualmanipulatives which
can aid conceptual understanding especially for mathematics
topics that are traditionally presented more abstractedly. Of
the mathematics topics chosen by the preservice teachers, it
is interesting to note that only five of the thirteen topics (tes-
sellations, similar figures, surface area, constructing triangles,
and circles) involved subject matter that would traditionally
lend itself to visual representation.The remaining eight topics
(algebra, geometric series, limits, complex numbers, proba-
bility, fractions, decimals, and factorising quadratics) would
traditionally be considered to be heavily symbolic, either
numerically or algebraically. However, the lesson activities
developed for these topics involved several visual aids, such as
algebra tiles, colour matched symbols, and links to animated
applets.
In a discussion piece on teachers’ professional develop-
ment in IWB use, Miller and Glover [10] pointed to the
need for teachers to share IWB experiences (and associated
software) in introducing mathematical concepts and then to
evolve guidelines for professional development work within
school departments. In these authors’ opinion, a teachermust
become IWB technology-proficient before he can attain the
Eureka moment, that is, to change the way in which the
affordances of the IWBs can be exploited to prompt more
effective learning through use of amore interactive pedagogy.
In another paper Miller and Glover [38] reflected on the
development of pedagogy by mathematics teachers within
a secondary school in England, retracing the history of
IWBs introduction. They related this development to the
enhanced understanding of IWB use at the beginning as
a presentational and motivational support but successively
as the ground for more effective conceptual and cogni-
tive learning by the students. The authors pointed to the
experience of teachers within the school, supported by a
research group at Keele University (UK) and stressed the
importance of the integration of the IWBs in the planning
of mathematics lessons, suggesting that new approaches may
provide potential for further gains. One example was to use
the dynamic and “replay” facility offered by the IWBs to
explore students’ conjectures and misconceptions.
The role of IWBs as tools that support external software
is also emphasised by Lavicza and Papp-Varga [39]. The
authors conducted several workshops with teachers about the
use of GeoGebra (one of the most widespread geometrical
dynamic software) in combination with IWBs in Hungary.
The dynamic geometry software Geogebra and plays often an
important role during the mathematics lessons. As stated by
Straesser [40], dynamic geometry software widens the range
of possible activities and provides an access route to deeper
reflection and more refined exploration and heuristics than
in paper and pencil geometry. Utilizing the methodology of
a design experiment, training materials and approaches were
continuously improved, based on participants’ feedback and
comments. The authors noted how the IWB environment
adds interactivity between the teacher, the materials, and
the students compared to projected images of GeoGebra
worksheets.
In a doctoral dissertation Essig [41] examined the influ-
ences of a professional development program that focused
on IWB features and integration methods teachers could
use for mathematics instruction. The qualitative case study
was conducted with a group of three elementary teachers in
a public school in New York (USA). The author observed
the teachers during a period of ten weeks, in three phases:
before, during, and at the endof the professional development
program. Data included interviews with the teachers, class-
roomobservations, and copies of the IWB lessons (recordings
of the activities at IWB, recorded by the appropriate IWB
tool). The purpose of the study was to understand how the
professional development program influenced changes in
teachers’ pedagogical practices, changes in IWB integration
in the lessons, and changes in teachers’ perceptions of student
learning.
Findings showed some significantmodifications in teach-
ers’ pedagogical practices. First, teachers designed IWB
lessons with a higher level of organisation (increased scaf-
folding), embedding in them several multimedia features.
Second, from the use of IWB as a mere presentation tool
teachers began to implement the IWB for the purposes
of engaging and interacting with students, incorporating
students’ activities and including students’ using IWB tools.
As for teachers’ perceptions of student learning, in the last
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phase they believed that the IWB had a positive impact on
student learning. Nevertheless, according to the author, it is
unclear whether these perceptions were based solely on the
integration of the IWB or to lessons design that were more
student-centred.
3.5. Summary. This literature review provides a range of
evidence of the value of IWBs inmathematical education.The
studies reviewed offer awide view of IWBs’ affordances, of the
more interesting didactic practices, and of the difficulties of
embedding this new technology in the classroom.
The overall picture that emerges from this IWB liter-
ature shows benefits and limitations of their potential in
mathematics teaching and learning. IWB affordances, listed
at the beginning of this review, are highlighted in many
of the reviewed studies. IWBs are easy to integrate into
the work of the class, and teachers are actually increasing
their use in the daily classroom mathematics practice [17].
Affordancesmost commonly cited in literature [6, 7, 18] relate
to IWBs’ flexibility and versatility; multimedia/multisensory
presentation; planning and saving lessons.
The large-scale studies [7, 17, 18] present a large overview
of the IWBs usage both in primary and in secondary schools.
A range of methodological tools was used to evaluate the
impact of IWBs on teaching and learning: classroom obser-
vations, IWBs coordinators’ surveys and teachers’ surveys,
pupils’ surveys, evaluation of students’ achievements. The
studies are of great interest for the large amount of data,
the quantity and the quality of provided information about
IWB affordances, teachers’ and students’ perceptions, student
attainments in national tests, and so forth. Nevertheless they
are generally rather dated, as theywere all conducted between
2003 and 2005.
The studies that dealt with students’ cognitive out-
comes in mathematics, both large-scale studies and quasi-
experimental studies, do not lead to conclusive claims.
Indeed, few studies—actually, only four—dealt with this issue
and two of them [7, 11] found a statistically significant, though
small, increase in students’ performance in mathematics,
whereas the other two [17, 18] did not reveal a significant
improvement in students’ attainments. As pointed out by
Higgins et al. [23], the link between IWB use and achieve-
ments is generally very feeble, and the research literature
has not yet demonstrated that IWBs have a significant
influence on learning attainments. From the point of view of
affective outcomes, the positive effects of IWBs on students’
motivation and interest are highlighted by, amongst others,
Tataroglu and Erduran [25], Higgins et al. [18], and, to a lesser
extent, Torff and Tirotta [8].
The case studies stem from heterogeneous backgrounds
and include a variety of methods. In the course of the years
the research focus of these case studies moved from the
novelty effect of technological innovation to the need for
developing an adequate IWB pedagogy. Some of the studies
are especially interesting in that they analyse the features
of enhanced IWB learning environments and in proposing
the design of a new pedagogy [6, 13, 31, 33, 35]. Some
other studies [9, 29] lack a clear observation and analysis
framework, and this issue might limit conclusions made
from the observations. Generally, the methodological design
of the case studies is quite varied. Only few studies focus
specifically on curriculum and mathematical content [6, 13,
27, 30, 37]. In this regard the research conducted by Miller
et al. [36] presents interesting materials elaborated together
with a team of teachers aimed at integrating mathematical
activities in an IWB interactive environment, emphasising
mathematical learning more than technical IWB skills. The
paper by Holmes [37] specifically discusses mathematics
topics in relation to the affordances provided by the IWB.
Over the studies, no significant differences appear
between primary and secondary schools, but it might depend
on the issue that generally all the studies (except the one
by Swan et al. [11]) are concerned only with one level of
education. This issue might require further investigation.
4. Discussion and Conclusions
The IWBs potentialities to enhance the quality of interaction
(both the social interaction between the teacher and the
students, and the content interaction with mathematical
concepts), and, consequently, to improve conceptual math-
ematical understanding and problem solving, are broadly
recognized. IWBs have the potential to aid the teaching of
difficult, abstract, and complex ideas [7], to improve students’
motivation to learn and increase lessons’ pace [18], and to
reinforce conceptual learning through the use of animation
or visual representation [17]. Many of the reviewed studies
[6, 13, 30, 31] presented classroom observations in which
teachers working with IWBs developed their technological
fluency, promoted students’ groupwork activities to deal with
real-world problems, and improved innovative processes of
exploration with their students.
Despite these potentialities, current evidence from the
reviewed studies [24, 28, 38] points to a certain inertia on the
part of many teachers to do anything other than use IWBs as
large-scale visual blackboards or presentational tools. Miller
et al. [36] reported how too often the IWB is being used for
presentational purposes, showing mathematics as an abstract
set of rules and theorems.
From this perspective, the history of IWBsmay be viewed
as a kind of repetition of the repeatedly told story about
every new technological innovation (radio, educational TV,
computers) in education [43]. At the beginning, expectations
of educators reflected the enthusiasm of the initial innova-
tors or “missioners” [27] who were quick to introduce the
new technology to their classrooms. The initial expectations
exceeded its actual contribution to learning and teaching.
There are many exemplary cases of excellent integrations of
IWBs into education [6, 13, 28, 30] but in many cases the
reviewed studies report about good intentions but mediocre
usages.
Salomon and Ben-Zvi [43] pointed out some reasons for
the complex relationship between technology and education
in general, which also applies to IWBs. First, what Salomon
andBen-Zvi call the “attribution of omnipotence,” that is, “the
assumption that once you have ICT, new developments are
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likely to follow more or less on their own” (p. 212). “There is
nothing omnipotent about the role of ICT and no real change
in and of education can take all on its own.” (p. 213). It is
not the technology per se that can make the difference, but
rather the activities that the learning environment in which
the technology is embedded affords and brings to life.
Second, reasons for teachers’ reluctance to use IWBs
in ways other than as presentational tools may be found
in what Salomon and Ben-Zvi [43] call the “trivialisation
of ICT.” Often for many teachers, a transmission view of
education dominates, in which good learning means the
accumulation of facts and procedures to be reiterated and
stored. With respect to this paradigm the role of ICT has
potentially subversive characteristics: “by requiring or even
just implying a shift of responsibility for learning to the
students, a change of the teacher’s authoritative role, or the
introduction of amore constructivist (i.e., diversity-oriented)
approach.” ([43] p. 212).The emerging view of how to attempt
to overcome these obstacles is that there is need for greater
attention to the pedagogy associated with IWB use and to
the mathematical tasks concerned, providing teachers with
larger training opportunities and stimulating the design of
new kinds of learning environments [13, 35].
The answer to the main question of this review—whether
the use of IWBs in classrooms improves the interactiv-
ity in mathematics teaching, and whether this improve-
ment enhances student understanding of basic concepts,
encourages idea generation, and better promotes students’
achievements—is not definitive.While some studies are criti-
cal in this respect, others highlight the IWB potentialities and
point to an improvement of pedagogical and mathematical
(rather than technological) lessons’ design.
Some characteristics that may constitute prerequisites for
improving interactivity and characterizing enhanced teach-
ing emerge from the studies presented in this review:
(i) planning for cognitive development: the way in which
the IWB was used to underpin lesson structure, and
how materials were organised to support learning.
As stressed by Glover et al. [6], there is a need for
“organised resources” so that the teacher and students
could move smoothly between phases of the lessons,
so enabling a clear development of thinking between
desk-based and board-based activities;
(ii) dialogic teaching: stimulating students to generate and
express their ideas, improving students’ responses and
discussion amongst peers, and promoting forms of
team and collaborative learning [17];
(iii) using effective questioning: a move from closed
questions to open questions may help to stimulate
required reasoning, as pointed out, amongst others,
by Miller et al. [36];
(iv) progression: an upward progression of lessons in
learning and attainmentmay offer a clear structure for
activities and assessment so that students have a set of
targets towards which they are working [6];
(v) immediate feedback: teachers prompting profitable
discussion and explanation at some stage in the lesson
by getting students to explain, illustrate, and direct
from the IWB [36];
(vi) saving previous lessons and recall to strengthen learning
from lesson to lesson as a mean of sustaining pupil
understanding and achievement, as highlighted by
Moss et al. [17].
As pointed out by Stein and Smith [42], to improve
mathematics learning high-level mathematical tasks need to
engage learners in the processes of mathematical thinking,
teaching students that doing mathematics not only consists
in applying standard procedures but in reasoning about
main mathematical concepts and in solving and managing
mathematical problems.
Additional but important features in mathematics learn-
ing include the following:
(i) activities that call for an active thinking approach:
learning to use concepts and problem solving as a
basis for cognitive understanding, exploiting series
of activities to explore, develop and reinforce in the
lessons, thus facilitating understanding, as discussed
for instance in the study by Kennewell et al. [13];
(ii) large-scale use of visual representation of concepts:
the ease of visually demonstrating principles on an
IWB improves a large variety of visual representations
of concepts and examples including graphics, anima-
tion, video clips, and associated dynamic software,
thus exploiting the multimodal affordances of IWBs,
as presented for instance in the studies by Glover et al.
[27] and by Jewitt et al. [30];
(iii) using the IWBs’ complexity with fluency: to interact
with mathematical concepts in real time, such as
using dynamic geometrical software, which enabled
students to grasp the concept in more depth, as
presented in theworkshop by Lavicza and Papp-Varga
[39].
Four issues for further research emerge from this
review study. First, three essential elements appear to be
important in the development of an powerful IWB-supported
environment for mathematics teaching and learning: (a) the
quality of the interaction with the mathematical content,
that is, tasks in which students are engaged, (b) the quality of
discourse interaction between the teacher and the students
and amongst the students, and (c) the affordances that the
IWB may provide in terms of supporting interactivity and
students’ involvement. An accurate orchestration of these
elements is required for involving teachers and students in
active participation and in developing thinking, together
questioning and cobuilding knowledge, supported by the
IWB affordances. In this respect, design-based research
aiming to capture the complexity of actual teaching and
learning processes would be suitable to look into what
kind of design could maximise potential interactivity in
mathematics lessons and improve educational innovation.
Second, research should investigate what kinds of learn-
ing activities and learning goals an IWB environment may
promote. Are learning activities and learning goals different
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from those in a traditional environment? And are some
learning activities and goals more suitable than others? In
this regard research will require a systematic approach (e.g.,
experimental studies) in order to achieve useful findings that
can inform effective practices.
Third, it should be worth to investigate whether there
are significant differences in IWB use between primary and
secondary schools that are independent from the level of the
topics. None of the reviewed studies deals with this issue;
nevertheless a comparison of findings at different level of
instruction might reveal interesting results.
Fourth, an in-depth look into the question of whether
an enhanced IWB environment favours students’ cognitive
achievements and whether measured learning outcomes are
improved when a classroom is systematically taught using
IWBs would be very useful. About this issue, the reviewed
studies are too few to provide a conclusive answer. In
this respect, it would be necessary to take into account
the specific learning activities and goals within an IWB
learning environment; if they are different from the ones in
a traditional environment, these learning goals could lead
to the attainment of different learning outcomes. As stated
by Littleton [44] with regard to IWB-embedding in learning
environments,
“Sociocultural processes such as those of continual
technological change and the changing nature
of childhood intersect, and force us to consider
whether we look to technologies to enable learners
and teachers to do things better or do things
differently.” (p. 290)
While revealing interesting insights, this review does have
its limitations. First, for the reasons explained above, it refers
only to the literature about the use of IWBs in mathematics
teaching in primary and secondary schools and thus does not
include relevant studies not implying mathematics. Second,
it pores mainly over literature from the UK. Despite IWB
use’s spread to other countries, most studies come from
that country, where IWBs are adopted in a large number of
schools. Few studies are available from other countries, and
none of them are grounded on classroom observation, with
the exception of the studies by Zevenberger and Lemann
[12, 34] and by Serow and Callingham [32] in Australia.
Third, not all of the studies taken in account are peer-
reviewed. Some are final reports of the Schools Whiteboard
Expansion pilot projects in England, which evaluated the
IWB embedding in primary and secondary schools, and
some are contributions and suggestions on adapting curricula
and enhancing IWB practice, or on improving teachers’
performances. They were all included in this review to
provide a better frame of the relationships between IWBs and
education.
Despite these limitations, hopefully this review will help
a better understanding of the issues underlying the IWBs
integration in mathematics teaching environments and will
address further research to enhance and improve their use in
an effective and incisive design.
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